ABSTRACT: Earthquake action in the design of the bridge belongs to the accidental action. Earthquake is difficult to predict, so the frequency of its occurrence is very small when the structure is in use. Once it occurs, the seismic value is very large and destructive, therefore the risk assessment of the damage caused by the earthquake to the bridge structure becomes the main problem of bridge engineering design. Our country is an earthquake-prone area, and bridges built there have relatively large adjacent spans, of which the quality and stiffness distribution is uneven, due to the limitation of terrain and construction conditions. The existing seismic codes are not applicable to the seismic risk assessment method of the bridge; therefore, it is very important and meaningful to study the seismic risk assessment method. In this paper, a new method for estimating seismic risk probability of bridge seismic risk in earthquake-prone area, which is a combination of neural network simulation and probabilistic finite element method (F-R-M) is established. In the method, firstly, the multiple seismic wave of bridge history analysis and get corresponding seismic response to the structure of the bridge, then RBF neural network is established, with numerical field type, seismic wave energy, seismic wave peak number, the pier moment as input parameters, to train and test the network of RBF. After the success of the training, the Monte Carlo method can be adopted to generate a large number of random numbers with the simulation of neural network to get bridge structures data subjected to random seismic response, and the structure failure probability can be calculated.
INTRODUCTION
Earthquake is one of the most serious disasters in natural disasters, and its forecast work is also one of the most difficult worldwide problems, so currently in the project the main measure for earthquake is conducting the risk assessment of the disaster, which is then taken into consideration in the structure design. The United States and Japan are countries with a earlier in structural seismic risk assessment, an American scholar, Dennis S. Hileti (1999) and Tan Xu-ming and, Zhang Weibing (2002) by means of the states in the event of major disasters for data statistics, the national disaster zoning. On the basis of markov process and bridges under the seismic action, Miyamoto (2001) is given through the calculation of probability of quantitative evaluation and quickly determined the loss function. Basing on the highest risk provides A bridge embankment del priority list，W. A. Zatar (2008) and so on proposed a simple seismic evaluation classification method. Government funding in Japan, the United Nations international decade for disaster reduction committee secretariat studied at the urban earthquake disaster risk assessment (IDNDR, 1999) . After the Malta meeting, risk assessment problems of bridge engineering in our country began to be concerned. Liu Zhi-wen relying on large span cable-stayed bridge, Sutong Bridge, built the cable bearing type bridge disaster risk prediction assessment system. Zhou Mi et al. (2014) are used to identify the risk according to the characteristics of mountainous area bridges, considering the earthquake, strong winds, construction risk, a total of four factors of geological disasters, establish the mountainous bridges construction multi-factor comprehensive evaluation method of risk probability. Based on probability finite element technology, Zhang Yue and Zhou Mi (2015) made the risk assessment software for no failure problems of cable-stayed bridge.
This paper introduced the process of bridge seismic risk assessment, and put forward the bridge seismic risk assessment method of F -R -M that combined with the Monte Carlo method, the finite element numerical analysis and neural network technology. Taking a three span continuous rigid frame bridge as an example, using the F -R -M method of bridge seismic failure probability, we verified the applicability of the proposed method.
F -R -M OF BRIDGE SEISMIC RISK ASSESSMENT METHOD
F -R -M method is a kind of bridge seismic risk probability estimation method which organically combines probability finite element method, neural network with the Monte Carlo method. Firstly, this method establishes the real bridge model by the Finite Element Method (Finite Element Method, F), using multiple seismic waves to analyze bridge's time history, and gets the corresponding seismic response of the structure of the bridge. Then it establishes the Radial Basis Function (Radial Basis Function, R) neural network and takes the quantized seismic wave energy, site category, the number of peak and seismic response as input parameters. Have a training and inspection on the Radial Basis Function (RBF) neural network and after the success of the training we can finally adopt the Monte Carlo (Monte Carlo, M) method to generate a large number of random numbers and obtain some data about bridge structure random seismic responses by neural network simulation, and calculate the failure probability of structural earthquake risk assessment methods. This method according to the following three steps to complete.
To obtain the seismic response of bridge structures
The finite element model of the real bridge is established, and the seismic response of the bridge is analyzed by the dynamic increment method (Dynamic Analysis Incremental, IDA), then the seismic response of the bridge structure is obtained. The basic idea of IDA analysis method: a series of seismic accelerated speed adjustment coefficient were multiplied by a seismic wave acceleration records to form a set of different intensity earthquake wave, and have a time history analysis on the structure with the seismic loads in turn, then take structural seismic demand (internal force and deformation) and coefficient of seismic acceleration for coordinate to draw IDA curves and to analyze the relationship between the structural seismic demand and strength of the shock. By using IDA analysis, each time history analysis is obtained by a series of maximum base shear and vertex shift points, which are connected with these points to form a curve, that is, the ability of the structure under the ground motion is obtained.
In this paper, the ground motion intensity of IDA is mainly used to measure the ground peak acceleration PGA (peak ground acceleration) of IM (intensity measures). We take each seismic waves (WAVE i , i=1, 2,... N, PGA) numerical adjustment in a proper range, and then the seismic waves were adjusted to the input structure model. Finally, we can obtain the bridge structure seismic response.
The establishment and training of neural network
Considering the large amount of calculation, in this paper, the radial basis function （Radial Basis Function, RBF）neural network is selected to carry out the research. RBF neural network is a better than other feed-forward efficient neural network, its superiority lies in it has the global optimization performance and best approximation properties and RBF neural network has the advantages of simple structure, fitting the training data, and high precision, convergence of the good.
Usually, if the hidden nodes, data center and spread constants of the network are known, then the RBF network structure in speaking has become a linear equations and linear equations, and the weights can be calculated by least square method. As a result, the core content of RBF network is to train and extend the constant and data center (Jiang Zong-li, 2001 ) (Haykin S., 2004) . The failure probability of structure
The failure probability of bridge structure is expressed by P f , that the reliability index by β. The relationship between P f and β can be expressed as: P f =1-Φ（β） , where Φ（）is normal distribution function. The formula for calculating the failure probability by using the Carlo Monte method is: N n P f  , where n is the number of structural failure times of the samples, and N is the total number of times.
Seismic risk assessment process based on F-R-M method
Based on the introduction of neural network simulation, combined with finite element method and Carlo Monte method, the seismic risk analysis method of bridge is called F-R-M method, and the process diagram is shown in 
REAL BRIDGE APPLICATIONS Engineering background
The real bridge is a three span continuous rigid frame bridge with 90+170+90 meters and its superstructure is variable transverse section of prestressed concrete single room box girder.
Real bridge finite element model
The finite element model of the whole bridge is set up as shown in Figure 3 . Model considers the influence of pile soil interaction on seismic response of structure. The pile group adopts truncated model, taking into account its equivalent embedded length (Zhou Mi, Yuan Wan-cheng, 2010), using three-dimensional beam element to simulate the bearing platform and main beam. The whole bridge model is divided from the main beam to the bottom of the pier with a unit of five meters. To take account of the nonlinear behavior of the bridges, piers and pile foundation used fiber beam element model, division of the fiber transverse section according to the actual reinforcement and consider the main reinforcement, concrete core, noncore concrete nonlinear constitutive relation. 
Seismic wave selection
In this paper, the measured seismic wave is selected from the PEER database. On the basis of full consideration of the randomness of the earthquake and the type of the Chinese site, according to the literature (Fan Li-chu, 2001 ), a total of 24 kinds of seismic waves from 4 different sites were selected, which are used in the finite element model for IDA analysis of ground motion input.
Seismic response analysis
The IDA analysis of the whole bridge model is carried out by using the selected 24 seismic waves in this paper. In both directions, along and transverse the bridge, we input seismic waves and then analyze the results obtained for each seismic waves in both directions. From the analysis results we can obtain the corresponding IDA bending moment of each unit and the relationship between the bending moment and the height of the pier under the influence of each seismic wave.
The seismic response of the maximum position exists in the bottom of the pier. With the increase of PGA, the moment response of bottom pier increases. When the peak acceleration is less than 0.5g, the effect of PGA is very significant. When the seismic waves are input in transverse direction of the bridge, the PGA is small, and the seismic response maximum position exists in the bottom of the pier, but when the PGA is larger than 0.7g, the maximum earthquake force position transits from the bottom of the pier to pier shafts, as shown in Figure 4 3#wave  4#wave  5#wave  6#wave  7#wave  8#wave  9#wave  10#wave  11#wave  12#wave  13#wave  14#wave  15#wave  16#wave  17#wave  18#wave  19#wave  20#wave  21#wave  22#wave  23#wave 
(along the bridge). Analysis of Unit 1(transverse the bridge).
For the same unit, because of the difference of the frequency spectrum, the seismic response of the same unit is different. The PGA of some seismic waves and the moment of the unit is approximately linear increasing trend, and the rest of the seismic wave of its PGA and the unit of the moment response show a clear nonlinear law. Individual seismic wave data are discrete, but generally consistent.
Seismic risk assessment
After the training of the RBF neural network, Carlo Monte method can be used to generate a large number of random numbers which can be input to the training of the RBF neural network and the random seismic response sampling data of bridge structure is obtained by simulation. Based on the structural reliability and the probability theory, the seismic risk of the bridge is evaluated.
The design ground motion peak value PGA of the real bridge is 0.10g, and the moment response value can be obtained by the nonlinear time history analysis. In this paper, a total of 24 seismic waves from four different sites were selected, and the moment response of the bridge pier is obtained. The following unit number 1 as an example analyzed the seismic risk of the real bridge by F-R-M method. It is known that the maximum value of the seismic response of the bridge is in the bridge pier. Due to the pier from the top and bottom are section of the double thin-wall pier, reinforcement is basically the same, so the -section capability is not due to the difference of the changes of the height of pier too large. It can be considered that the weakest position of the earthquake is the 1 element of pier bottom, so the seismic risk of unit 1 also represents the whole real bridge.
Through analysis, we can get the related parameters such as the type of site, energy and bridge response of the seismic wave in PGA=0.10g. After the relevant parameters of seismic wave are obtained, the seismic wave parameters are adjusted, including the type of seismic wave field, the energy and the wave crest number as the parameters to be input to the RBF neural network which has been established. Sample test for randomly selected No.3, No.14 and No.19 seismic waves as inputs have been No. 1 unit of the bending moment responses, the bending moment of the remaining articles of seismic wave parameters and input of No. 1 unit response as the training sample. The samples are trained and tested by neural network until successful. After training the RBF neural network, we can take the energy of seismic wave, site type and the number of peak value as parameters, respectively, by the normal distribution and the average distribution, we can get 50000 sets of random numbers. Then the random number inputs to the RBF neural network, and then calculates the corresponding seismic response, a total of 50000 sets of data, and the formation of a number of unit 1 seismic risk assessment data. The bending capacity of the transverse section was obtained by the bending moment curvature analysis of the pier section. In the case of the reinforcement of the section, the yield bending moment of pier longitudinal bridge of unit 1 is 65440kN·m, which is calculated by Ucfyber finite element software.
With the failure probability theory, we can know the method of the failure probability (denoted by P f ) of pier No. 1 unit calculated in the seismic peak acceleration of 0.1g case: the number of response moment value which exceeds the yield bending moment value of pier divided by the total number. By statistical analysis, we can know that the total number of output data is 50000; the number of failure is 129. Therefore, the failure probability of the pier No. 1 unit in the case of the peak acceleration of earthquake 0.1g is: 0.258%. By the above method, the failure probability of unit 1 in the case of earthquake peak acceleration of 0.1g under the lateral earthquake action is 0.095%. According to the "highway bridge and tunnel engineering safety risk assessment guide" risk probability description (see table 2), the real bridge on 0.10g seismic peak acceleration occurs failure is rarely occurring events. In this case, the real bridge under earthquake action is safe. 
CONCLUSION
According to the real bridge as an example, we did the seismic risk assessment by F-R-M method. The theoretical results not only can provide technical support for the construction of the real bridge, and through of the real bridge analysis shows outstanding advantages F-R-M method. Conclusions are as follows:
（1）F-R-M method successfully combines the probability of finite element, RBF neural network and Carlo Monte method into a whole; so that they form a certain link, effectively solve the bridge seismic risk assessment.
（2）China is an earthquake prone area, and seismic risk analysis for the large bridge is mostly based on finite element analysis method at present. The seismic data of the different sites and earthquake intensity can increase the workload and the difficulty of the calculation. The F-R-M method can make the calculation simple and efficient by using RBF neural network. So the research on seismic risk assessment of bridges is of guiding significance.
